Spinal epidural hematoma (SEH) comprises a heterogeneous group of disorders with the final common result of hemorrhage in the spinal epidural space. In this review, the English language literature on SEH is examined. SEH may be acute or chronic, spontaneous, posttraumatic, or iatrogenic. Its occurrence appears to be particularly associated with acquired coagulopathy from medications and disease states. Patients usually present with acute axial spine pain and evolving focal neurologic deficits. In that it is a potentially reversible cause of spinal cord and root compression, the prompt diagnosis and treatment of this relatively rare condition are of importance to all neurosurgeons. When accomplished rapidly, surgical decompression can result in full functional recovery.
S
pinal epidural hematoma (SEH) is uncommon. Since the report by Jackson 1 on "spinal apoplexy" in a 14-year-old girl in 1869, only several hundred cases of SEH have been reported in the world literature.
Because of its rarity, no population-based epidemiologic studies are available. Most of the clinical information regarding SEH consists of isolated case reports and small case series. Review of the entire English language literature on SEH was attempted for this review. What is clear is that SEH may be acute or chronic, spontaneous, posttraumatic, iatrogenic, or associated with specific medications and disease states. It affects all age groups and all levels of the spine, although it is most common in the thoracic region.
CAUSES
The cause of SEH is often obscure, and the majority of cases occur spontaneously (termed spontaneous SEH [SSEH] ). Many authors have hypothesized that the hemorrhage originates in the epidural venous plexus, 2, 3 accounting for slow and progressive spinal cord compression. At surgery, no pathology other than the hematoma is found most often. The most important factor identified as contributing to SSEH is a hemorrhagic diathesis from either medications or disease states. 2, 4 Only rarely is SEH associated with an identifiable underlying vascular lesion. Several cases have been associated with epidural vascular malformations [5] [6] [7] [8] [9] [10] [11] or vertebroepidural hemangioma. 12 One case report documents SSEH in a patient with previously undiagnosed aortic coarctation and argues that collateral circulation resulting from the coarctation may have contributed to the SEH. 13 
CLINICAL PRESENTATION
The typical presentation nearly always involves severe axial spine (neck or back) pain with or without immediate or delayed neurologic deficit. [14] [15] [16] [17] [18] Pain onset may be related to minor straining or the Valsalva maneuver (eg, lifting, coughing, sneezing), but the onset of pain is spontaneous in most cases. Progressive neurologic deficit follows at a variable interval and with variable rapidity and severity. Usually, neurologic deficits progress over several hours but occasionally may develop over several days.
Patients with acute midline spine pain on thrombolytic or anticoagulant therapy should be monitored closely for the development of focal neurologic deficit, including bowel and bladder function. In some cases, neurologic deficit rather than pain may be the presenting sign. 19 The presence of any myelopathy or frank Brown-Séquard syndrome 18, [20] [21] [22] [23] should propel the clinician toward emergent diagnostic and therapeutic efforts.
DISEASE ASSOCIATIONS
Based on numerous case reports and case series, the occurrence of SSEH appears to be particularly associated with certain disease conditions. In general, these fall into 2 categories: coagulopathy and inflammatory spine disease.
Coagulopathy as a byproduct of blood dyscrasias is associated with SSEH. For example, hemophilias [24] [25] [26] [27] [28] [29] [30] [31] and factor XI deficiency 32 have been associated with SSEH. In 2 hemophiliac patients, Narawong et al 29 treated SSEH with serial factor VIII infusions without surgery with excellent outcome, as did Noth et al. 30 SSEH has also been associated with immune vasculitis, 33 idiopathic thrombocytopenic purpura, 34 systemic lupus erythematosus, 35, 36 plasma cell myeloma, 37 and nonHodgkin's lymphoma. 38 Inflammatory spine diseases have also been associated with SSEH, including ankylosing spondylitis [39] [40] [41] [42] [43] and Paget's disease. 44, 45 The cause of this association is unclear, but some authors suggest that it may be related to increased blood flow in the inflamed spine.
ASSOCIATION WITH PREGNANCY
SSEH is rare in pregnancy, but this association has also been reported during gestation [46] [47] [48] as well as during labor. 49 In one case, a 26-year-old woman presented at 35 weeks with sudden back pain, paraparesis, and a T7 sensory level and was successfully treated with cesarean section, followed by costotransversectomy and removal of a ventral SEH in the midthoracic spine. 47 In another case, the fetus was delivered successfully 3 days after surgery.
48

ASSOCIATION WITH MEDICATIONS
In addition to specific diseases, various medications have been associated with SEH. In general, these include antiplatelet, anticoagulant, or thrombolytic medications, such as aspirin, [50] [51] [52] [53] 60, 61 One important case documents a fatality from cervical spinal cord compression following anticoagulation. 62 Others document a well-defined Brown-Séquard syndrome, 20, 23 which should immediately alert clinicians to the presence of spinal cord compression. Although the risk of intraparenchymal central nervous system (CNS) hemorrhage from anticoagulation and/or thrombolytic therapy has been impressed on cardiologists as well as emergency room and primary care physicians, it is important to keep in mind that acute neurologic deterioration in this clinical setting may represent SEH.
Furthermore, it is important to recognize that SEH may occur in association with anticoagulants or other medications and drugs in different clinical settings. For example, SEH can present as acute back pain with or without neurologic deficit in a patient on anticoagulant therapy [68] [69] [70] (however, see the report by Senelick et al 19 ). Wysowski et al 71 note that between May 1993 and February 1998, the US Food and Drug Administration received reports of 43 patients with SEH during treatment with the low-molecular-weight heparin enoxaparin. Other case reports document the association of SEH with cocaine use. 72, 73 One report even documents SSEH occurring with a qualitative platelet disorder from excessive garlic ingestion.
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NEURORADIOLOGIC ASSESSMENT
A patient with a clinical presentation consistent with SEH should undergo immediate imaging studies. In the past, computed tomography (CT) [75] [76] [77] and CT myelography 17, 75 were used to establish the diagnosis of SEH. It is likely that many SEH diagnoses were missed, however. 78 In modern practice, the diagnostic tool of choice is magnetic resonance imaging (MRI) [78] [79] [80] [81] because it is able to show with a high degree of resolution the craniocaudal extent of the hematoma and its effect on the spinal cord ( Fig. 1) . Furthermore, the pattern of T1 and T2 signal intensity on MRI can help to date the hematoma, 82 and the hematoma may partially enhance with intravenous gadolinium contrast. [83] [84] [85] Holtas et al 80 examined MRI characteristics of SSEH in a series of 13 patients from 1986 to 1995. In this group, 5 patients had minor trauma and 4 were receiving anticoagulant therapy. The most common location was upper thoracic. T1-weighted images were found to be most useful in following the signal shift from T1 isointensity to T1 hyperintensity as the hematoma evolved from acute to subacute.
In addition, MRI may rarely demonstrate underlying lesions, such as spinal vascular malformations. 5, 9 Muller et al 10 found 7 cases of SEH in 2500 procedures: 5 of 7 were nontraumatic, and vascular malformations were found in 4. Spinal angiography may be necessary as part of the diagnostic workup in certain patients with nontraumatic SEH. 8 One case documents SEH from a vertebroepidural hemangioma; the authors emphasize the utility of spinal angiography in that case, because it was ultimately treated successfully with embolization.
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TRAUMATIC SPINAL EPIDURAL HEMATOMA
Traumatic SEH (TSEH) appears to be more common in the adult population than in the pediatric population, still, however, accounting for fewer total cases than SSEH. [86] [87] [88] [89] [90] [91] [92] [93] In 1982, Foo and Rossier 86 described a heterogeneous series of patients and reviewed the literature regarding TSEH. In 38 reported patients, 16 had objective evidence of trauma (spinal fracture). In the 22 patients without spinal fractures, coagulopathy or epidural vascular malformation was identified in 6 patients. In their meta-analysis, the patients with spine fractures benefited less from decompressive laminectomy in terms of neurologic recovery (69%) than those without spinal fractures (89% neurologic recovery). This presumably reflects a greater incidence of spinal cord contusion in the patients with vertebral fractures associated with TSEH.
As for SSEH, treatment of TSEH has usually involved surgical decompression. Kondoh et al 88 report a case of cervical TSEH following snowboarding leading to paraparesis and urinary retention; operative decompression and removal of the hematoma led to complete neurologic recovery. Shen et al 93 report an interesting case presenting with a combination of Horner and Brown-Séquard syndromes; right C2-6 hemilaminectomies and hematoma evacuation ultimately led to full functional recovery.
Other cases of TSEH have been managed conservatively. For example, Lefranc et al 89 report conservative management of TSEH of the cervical spine with full resolution of symptoms. Similarly, Pan et al 91 found cervical TSEH in a 13-year-old girl who recovered without surgical decompression. Olshaker and Barish 90 managed cervical TSEH from a stab wound without surgery in a patient with FIGURE 1. Magnetic resonance imaging (MRI) of spinal epidural hematoma: case illustration. A 3-year-old girl presents with 2 days of severe neck pain and progressive upper and lower extremity weakness and no significant past medical history or trauma. Sagittal precontrast (A), post-contrast T1-weighted (B), and fast spin echo T2-weighted (C) images of the cervicothoracic spine. These images demonstrate a large heterogeneous soft tissue mass within the spinal canal (between large white arrows) that displaces the cord (c) ventrally. A, The mass is located in the epidural space dorsal to the dark line of dura (small white arrow). B, After gadolinium, there is no abnormal enhancement to suggest an underlying lesion; faint dural enhancement (small white arrow) is present. C, The signal characteristics of the mass are compatible with acute hemorrhage (deoxyhemoglobin). The foci of dark signal (small white arrows) represent susceptibility from blood products, and the fluid-fluid level (small black arrow) represents the so-called "hematocrit effect." Despite mass effect on the cord, no abnormal cord T2 signal is identified. Axial T1-weighted postcontrast (D) and T2-weighted (E) images through the lower cervical spine (S). D, The epidural hematoma (H) displaces the cord (C) ventrally. Faint dural enhancement (white arrow) is again present. E, A fluid-fluid level (white arrows) or hematocrit effect caused by nonclotted hemorrhage is evident. Note mass effect as the dura (black arrow) completely encircles the cord (C) without any visible cerebrospinal fluid. 
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PEDIATRIC SPINAL EPIDURAL HEMATOMA
Cases of SEH in the pediatric age group have been reported separately. As is the case for adults, the causes of SEH in the pediatric population are divided between traumatic and spontaneous.
SSEH in infants and toddlers through young adults is rare, and there are approximately 30 cases documented in the literature.
9,95-108 Caldarelli et al 95 present 2 cases of children less than 2 years of age with SSEH who were treated with operative decompression. Chang et al 96 report SSEH in a 5-yearold girl who presented with acute paraplegia and urinary retention, with complete recovery after emergent decompressive laminectomy. Other case reports document SSEH in older children, most of whom were treated with emergent decompression and hematoma evacuation with excellent functional recovery. 97, 99 Importantly, functional recovery may not always occur, such as in the case of a 14-year-old boy with a cervical epidural hematoma and persistent quadriplegia despite decompression. 109 A rare case also documents the recurrence of a cervical epidural hematoma 3 years after the first incidence. 98 As for adult cases, rarely is a cause found. An exception is the case reported by Muhonen et al, 9 who describe a cervical epidural hematoma secondary to an epidural vascular malformation in a 22-month-old infant.
In a recent and comprehensive review, Patel et al 100 reviewed 24 cases of SSEH in children <18 years of age and added 3 of their own patients (with no history of trauma). They commented that SSEH is usually confined to the dorsal (as opposed to ventral) epidural space, the cause is usually never found, there is no gender predilection, and the most common site is cervicothoracic. Initial nonspecific symptoms can lead to a delay in diagnosis, especially in younger children. In this group of 27 patients, 15 recovered completely and 11 had residual neurologic deficit, with 1 mortality (also see the report by Pecha et al 101 ) . Careful examination of all these cases led these authors to conclude that irritability and neck or back pain in an afebrile child may precede neurologic deficits and constitute early signs of SSEH. This could prompt MRI examination for earlier diagnosis and treatment. A recent case of SSEH in a 10-year-old girl is interesting in that she presented with what initially appeared to be a pure brachial plexopathy. 102 Traumatic SEH in the pediatric population is even rarer than pediatric SSEH, with only a handful of cases documented. For example, Alva 110 presents a case of a 10-month-old male infant with traumatic SEH who presented with irritability and neck pain.
CHRONIC SPINAL EPIDURAL HEMATOMA
In some patients, epidural hematoma is discovered in the context of the workup for spine disease or radiculopathy, and MRI and surgical findings have revealed a category of patients termed chronic SEH. 31, [111] [112] [113] [114] [115] [116] [117] [118] Most often, the site of chronic SEH is reported to be lumbar, 112, 114, [117] [118] [119] often mimicking or contributing to lumbar stenosis. 112, 114, 118 These patients present with lumbar radiculopathy and/or neurogenic claudication. In addition, cases of chronic SEH in the cervical spine have been reported, 113, 115, 116 and these patients may present with myelopathy 116 or cervical radiculopathy.
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IATROGENIC SPINAL EPIDURAL HEMATOMA
An important group of known causes of SEH is iatrogenic. These include, most prominently, spinal epidural anesthesia 40, [120] [121] [122] [123] [124] [125] [126] [127] but also include following surgery, [128] [129] [130] [131] [132] injections, 133 chiropractic manipulation, [134] [135] [136] [137] lumbar puncture, 138, 139 and acupuncture. 140 By far the most reports of iatrogenic SEH relate to spinal epidural anesthesia or analgesia. 40, [120] [121] [122] [123] [124] [125] [126] [127] Often, these cases are related to a coexisting hemorrhagic diathesis. Therefore, clinicians should be cognizant that spinal epidural anesthesia in the setting of coagulopathy or medical comorbidities may lead to SEH.
One important category of patients for neurosurgeons especially to consider is those who develop SEH following spine surgery. For example, Hans et al 128 report an acute cervical SEH following anterior cervical discectomy presenting as flaccid quadriplegia 2.5 hours after surgery; reoperation for decompression led to a complete recovery. U and Wilson 132 reported 3 cases of postoperative SEH following anterior cervical discectomy, all immediately re-explored for hematoma removal with full recovery. Postoperative SEH may not be immediate; Spanier and Stambough 131 report delayed SEH in a postoperative lumbar spine patient who received intravenous heparinization for treatment of thromboembolism.
Kou et al 130 reported a case-control retrospective analysis in an attempt to identify risk factors for the development of SEH following spine surgery. Patients who underwent spine surgery over a 10-year period at a single hospital were retrospectively reviewed; 12 patients who developed SEH were compared with 404 controls. Multilevel procedures (P = 0.037) and the presence of preoperative coagulopathy (P < 0.001) were found to be significant risk factors for SEH development. 130 Of significant note are case reports linking chiropractic manipulation with SEH. [134] [135] [136] [137] Zupruk et al 137 reported Brown-Séquard syndrome following chiropractic neck manipulation; Segal et al 135 reported cervical SEH following chiropractic manipulation; and Tseng et al 136 present the case of a 67-year-old woman who developed numbness and weakness in the left arm after cervical manipulation, which was associated with a C3-5 SEH on MRI. All these patients underwent emergent decompressive cervical laminectomies with full recovery. Thoracic SEH following chiropractic manipulation in the lumbar region has also been reported and treated successfully with operative decompression.
134
SPINAL CORD COMPRESSION STUDIES IN ANIMALS
Tarlov and his colleagues [141] [142] [143] [144] studied spinal cord compression in dogs by increasing the pressure in liquid-filled epidural balloons to assess the tolerance of the midthoracic spinal cord for compression. They determined that neurologic recovery depended on force and duration as well as on rate of compression. [141] [142] [143] [144] Of great relevance to SEH, when paralysis below a compressive lesion was incomplete, considerable or complete functional recovery could occur. 142 Similarly, Dolan et al 145 used a clip compression model in rats to correlate reduction in functional recovery with force and duration of spinal cord compression.
Harrison and McDonald 146 performed spinal cord compression studies in cats and correlated functional outcome with the histologic appearance of the damaged spinal cord. They found that focal compression resulting in reversible paraparesis was associated with demyelination, whereas paraparesis was irreversible if axonal disruption and degeneration had occurred. Thus, as previously suggested, 147 it is possible that neurologic recovery may depend on the compressive lesion (eg, SEH) leading to reversible demyelination but not to axotomy or Wallerian degeneration.
TREATMENT AND OUTCOME
As described previously, there has been a spectrum of treatment of SEH ranging from conservative management to immediate operative decompression and hematoma evacuation. What data exist to help triage the patient with SEH?
Conservative (nonsurgical) therapy has occasionally led to complete neurologic recovery. 7, 22, 53, [148] [149] [150] [151] [152] [153] [154] [155] [156] This appears to be particularly the case when the neurologic symptoms already are in the process of recovery by 12 hours. 53, 149, 150, 151 It is clear on review of the literature that nonoperated patients generally have a poorer neurologic prognosis, however, especially for stable or evolving deficits or for cervical lesions. It is interesting in this regard to note that some nonsurgical SEH patients have been noted to improve following lumbar puncture; perhaps reduction of intraspinal pressure via thecal sac puncture and cerebrospinal fluid (CSF) egress may lead to partial cord decompression. 55, 157 In a patient with neurologic deficit, the treatment of choice is immediate decompressive laminectomy and hematoma evacuation. In certain settings, however, patients may not be good operative candidates. For example, operating on a fully anticoagulated patient immediately after myocardial infarction involves significant operative morbidity and mortality. In such cases, the operative risk must be weighed against the severity and evolution of neurologic deficit.
The operative approach to the hematoma is tailored based on location and extent. This usually involves decompressive laminectomy, because most SEHs are located dorsally. Ventral SEHs may require more extensive procedures. 47, 87, 158 For example, Kessel et al 87 describe a ventral TSEH of the cervical spine in which surgical exploration and hematoma evacuation were aided by the use of a flexible neuroendoscope to visualize the anterior epidural space from the foramen magnum to the T1 level. Mangione et al 158 describe an interesting case of anterior cervical SEH treated with anterior corpectomy, hematoma evacuation, and fusion.
Several important studies have directly assessed the relation of preoperative neurologic status and surgical timing to neurologic outcome. In 1978, McQuarrie 159 presented 3 cases and reviewed 32 cases of SEH severe enough to cause paraplegia in terms of functional outcome at 6 months. In patients who fully recovered at 6 months, there was a shorter interval between initial presentation and operation (26 hours) than in the patients who did not recover (48 hours). When the interval exceeded 36 hours, recovery at 6 months was <50%.
In 1981, Foo and Rossier 86 presented 3 cases and reviewed 158 cases of SEH treated surgically. Patients with incomplete sensorimotor, incomplete sensory but complete motor, and complete sensorimotor lesions had complete sensorimotor recovery in 42%, 26%, and 11% of cases, respectively. This bolstered the idea that preoperative neurologic status may predict outcome in surgically treated patients. 160 The roles of preoperative neurologic status and surgical timing were addressed by Lawton et al 147 in 1995. In that study, a retrospective analysis of 30 patients treated surgically for SEH at a single institution was performed. Average interval from symptom onset to maximum neurologic deficit was 13 hours, and average interval from symptom onset to surgery was 23 hours. Overall, complete neurologic recovery (Frankel grade E) was seen in 43%, and functional recovery (Frankel grade D or E) was seen in 87%. The most important finding was that a shorter interval from symptom onset to surgery correlated with improved neurologic recovery. In particular, patients taken to surgery within 12 hours had improved outcomes compared with patients whose surgery was delayed beyond 12 hours. The other important finding was that the single most important prognostic factor for recovery is preoperative neurologic status. This large series corroborates prior studies 159, 160 in suggesting that rapidity of surgical treatment is critical in maximizing recovery.
In 1996, Groen and van Alphen 15 published a comprehensive review of 330 cases of SEH in the world literature along with 3 new cases and assessed which clinical factors affect postoperative outcomes. These authors found that gender, age, and hematoma size did not correlate with postoperative outcome; however, mortality correlated with cervical or cervi- Spinal Epidural Hematoma cothoracic location. As in the prior studies, favorable outcome was associated with better preoperative neurologic status and early versus late decompression.
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CONCLUSIONS
It is important for all clinicians to include SEH in the differential diagnosis of acute focal neurologic deficit, especially when associated with axial spine pain and in the setting of hemorrhagic diathesis. Multiplanar spinal MRI is optimal for diagnosis and assessment of the extent of the lesion and degree of spinal cord compression. To miss the diagnosis of SEH is to miss the opportunity for operative decompression to effect a complete neurologic recovery. Like cauda equina syndrome and tumor-associated spinal cord compression, SEH with neurologic deficit is best considered a neurosurgical emergency, as studies support the idea that "time is cord."
